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OPTICAL ONE-TO-ONE PROTECTION SWITCHING APPARATUS 
Related Applications 

JP application numbers 2000-157922(5/29/2000) and 2000-155267(5/25/2000) are 
5 related to the present invention and they are to be applied for patents in the United States of 
America, hereby incorporated by reference. 

Background of the Invention 

The present invention relates to an optical one-to-one protection switching apparatus, 

10 more particularly to an optical one-to-one protection switching apparatus employed to prevent 
miss-connection that might occur between a transmitter and a receiver while a working line 
and a protection line are switched. 

Optical Networks (Ramaswami et al. Morgan Kaufman publishers pp430-434) is a 
known example in this field. 

15 Fig. 12A shows a block diagram of an optical one-to-one protection switching 

apparatus in the related art. In the case of this related art, extra traffic can be included. 
According to this optical one-to-one protection switching apparatus, client terminals 200 and 
210 at different points communicate with each other through first transmission lines 180 and 
185. At this time, the optical switches 145 and 165 select the first transmission line 180 for 

20 down-stream communications. For up-stream communications, the optical switches 175 and 
155 select the first transmission line 185. The client terminals 205 and 215 communicate with 
each other through the second transmission lines 190 and 195. At this time, the optical 
switches 145 and 165 select the second transmission line 190 for down-stream 
communications and the optical switches 175 and 155 select the second transmission line 195 

25 for up-stream communications. The arrows in each optical switch denote a transmission 
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direction of signals. Solid lines arrow denote "the normal state", and broken lines denote "a 
state after switching". The same notations are used in the subsequent embodiments. 

Referring to Fig. 12B, if a fault is detected in the first transmission line 180 or 185 in 
down-stream or up-stream communications, the optical switches are changed between 145 and 

5 155, as well as between 165 and 175. Thereby, the client terminals 200 and 210 communicate 
with each other through the second transmission lines 190 and 195. The client terminal 205 or 
215 that transmits low priority extra traffics communicates with each other through the first 
transmission line 180 or 185. 

Unlike the configuration of the optical one plus one protection switching, the 

10 configuration of the optical one-to-one protection switching requires communications of 

control signals between nodes. The optical one-to-one protection switching configuration is 
characterized by the inclusion of extra traffic. However, because the optical switch changes 
the corresponding transmission lines in the configuration, the following problem (A) arises. 
Problem (A): If any extra traffic is included in a transmission line, when the switching block 

15 uses only optical switches as shown in Fig. 12, the configuration might experience a 
miss-connection between client terminals in the switching process. 

Fig. 13 shows a miss-connection between client terminals in the switching process 
after a switching request is issued. In Fig. 13, the miss-connection occurs during a switching 
operation when a fault is detected in the first transmission line 180 in the down-stream 

20 communications. Still also referring to Fig. 12, in the normal state, the transmitter 200a of the 
client terminal 200 and the receiver 210b of the client terminal 210 are connected to each other 
through the first down-stream transmission line 180. The transmitter 205a of the client 
terminal 205 and the receiver 215b of the client terminal 215 are connected to each other 
through the down-stream second transmission line 190. 

25 In the case of a fault/maintenance, the optical switches 145 and 1 55 are switched in the 

transmit node 120. During this switching in the transmit node 120, their connection states are 
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changed, and a miss-connection might arise. Concretely, the transmitter 200a of the client 
terminal 200 and the receiver 215b of the client terminal 215 are connected to each other 
through the down-stream transmission line 190 as partially indicated by dotted-lines. The 
transmitter 205a of the client terminal 205 and the receiver 210b of the client terminal 210 are 
5 connected to each other through the first down-stream transmission line 180 as partially 
indicated by dotted-lines. After the switching is ended, the connection is normalized after both 
transmit node 120 and receive node 130 are changed over. 

Summary of the Invention 

10 Under the circumstances, the present invention aims at providing an optical one-to- 

one protection switching apparatus that prevents the miss-connection between a transmitter 
and a receiver in the switching process in response to a switching request while a working line 
is changed to a protection line due to a fault, maintenance, or the like. 

According to the solving means of the present invention, a plurality of client terminals 

15 is connected to each other in an optical one-to-one switching protection apparatus for enabling 
optical signals to be exchanged among nodes through the first down-stream and up-stream 
transmission lines and the second down-stream and up-stream transmission lines. Each of the 
nodes comprises an optical switch for switching the first and second client terminals to the first 
or second down-stream transmission line so as to connect them to each other, as well as for 

20 switching the first and second client terminals to the first or second up-stream transmission 
line so as to connect them to each other; up-stream and down-stream gates provided between 
the second client terminal node and the optical switch; and a controller for controlling the 
optical switch and the up-stream and down-stream gates. If the second node detects a fault in 
the first down-stream transmission line while a signal is transmitted through the first 

25 down-stream transmission line between the first and second nodes, the controller controls the 
up-stream and down-stream gates, thereby shutting off or attenuating the object line signal in 
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the second node so as to prevent a miss-connection. The second node transmits a switching 
request to the first node via the first or second up-stream transmission line. Receiving the 
switching request, the first node enables the controller to change the optical switch connection 
so as to connect the first client terminal to the second down- stream transmission line. After 
5 that, the first node transmits a switching request to the second node via the second 

down-stream transmission line. Receiving the switching request, the second node enables the 
controller to change the optical switch connection so as to connect the first client terminal to 
the second down-stream transmission line. The present invention provides the optical one-to- 
one protection switching apparatus. 

10 

Brief Description of the Drawings 

Preferred embodiments of the present invention will now be described in conjunction 
with the accompanying drawings, in which: 

Fig.l is a block diagram illustrating the optical one-to-one protection switching 
15 apparatus in an embodiment of the present invention; 

Fig. 2 is a flow chart illustrating a switching sequence for preventing a 
miss-connection during a transmission line switch; 

Fig. 3 is a block diagram illustrating the optical one-to-one protection switching 
apparatus provided with a line input device and a line output device in another embodiment of 
20 the present invention; 

Fig. 4 shows the relationship between a line and each line I/O device for switching 
control communications in the configuration as shown in Fig. 3; 

Fig. 5 shows the relationship between a line and each line I/O device for monitoring 
the performance of the object transmission line in the configuration as shown in Fig. 3; 
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Fig. 6 is a block diagram illustrating the optical one-to-one protection switching 
apparatus, which is expanded from the optical one plus one protection switching apparatus, in 
still another embodiment of the present invention; 

Fig. 7 shows the relationship between a line and each line I/O device for switching 
5 control communications in the configuration as shown in Fig. 6; 

Fig. 8 shows the relationship between a line and each line I/O device for monitoring 
the performance of the object transmission line in the configuration as shown in Fig. 6; 

Fig. 9 is a block diagram illustrating the optical one-to-one protection switching 
apparatus, which is expanded from an optical one plus one protection switching apparatus, in 
10 another embodiment of the present invention. 

Fig. 10 shows the relationship between a line and each line I/O device for monitoring 
the performance of the object transmission line in the configuration as shown in Fig. 7; 

Fig. 11 is a block diagram illustrating the optical one-to-one protection switching 
apparatus in another embodiment of the present invention; 
15 Fig.l2A is a block diagram illustrating an optical one-to-one protection switching 

apparatus of a related art; 

Fig.l2B is a block diagram illustrating the optical one-to-one protection switching 
apparatus after switching in a fault condition; and 

Fig. 13 shows a miss-connection between client terminals in the switching process in 
20 response to a switching request. 

Description of the Preferred Embodiments 

Fig. 1 shows a block diagram illustrating a first embodiment of the optical one-to-one 
protection switching apparatus according to the present invention. In the first embodiment, in 
25 addition to the components shown in Fig. 12, the nodes 220 and 225 in the apparatus is 

respectively provided with controllers 230, 235; drive circuits 240, 245, and pairs of gates 



Patent 



Hitachi-00 1 2/34000048 1 US 1 



260a, 260b and 265a, 265b. In the node 220, the controller 230 controls the drive circuit 240. 
The drive circuit 240 drives the gates 260a and 260b under the control of the controller 230. 
The gates 260a and 260b driven by the drive circuit 240 turn on or off a signal. The similar 
operations are also performed in the node 225 by a corresponding set of the components 235, 
5 245, 265a and 265b. 

In this embodiment, gates 260a, 260b, 265a, and 265b are provided on transmission 
lines so as to solve the above described problem (A), and signals to and from the client 
terminals 205 and 215 are shut off as needed so as to prevent a miss-connection. 

In the first embodiment, it is assumed that clients 1 carries high priority data while 

10 clients 2 exchange low priority data. 

Fig. 2 shows a flow chart illustrating steps involved in a switching sequence for 
preventing a miss-connection during a transmission line switch according to the current 
invention. In this case, a description is provided for a switching procedure in shutting off a 
gate when a fault occurs in the first transmission line 180 during down-stream 

15 communications. However, the switching is also performed in another transmission line, such 
as the up-stream transmission line, the second transmission line, or the like during a switching 
operation required due to maintenance, etc. other than a fault. The process is describes with 
respect to steps performed by components as shown in Fig. 1. 

At first, signals are exchanged between the transmit node 220 and the receive node 

20 225. The receive node 225 monitors the performance of the first transmission line or 

down-stream 180 through a performance monitor in Act 274. At this time, if a fault is detected 
in the first transmission line 180 in Act 276, a miss-connection preventive processing is 
executed in Act 278. In the above described processing, the controller 235 controls the drive 
circuit 245 in the node 225 so as to open the optical gates 265b to block the transmission of 

25 optical signals to the receiver 2156. Then, a switching request controller of the receive node 
225 transmits a switching request 282 to the transmit node 220 in Act 280. The switching 
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request 282 transmitted to the transmit node 220 from the receive node 225 is transmitted 
through the first transmission line or up-stream 185 or the second transmission line or 
up-stream 195. 

On the other hand, the transmit node 220, upon receiving a switching request in Act 
5 284, executes a miss-connection preventive processing in Act 286. In Act 286, the controller 
230 controls the drive circuit 240 in the transmit node 220 so as to open the optical gates 260a 
to block the transmission of optical signals from the transmitter 205a. After that, the switch 
setting of the optical switch 250 is changed in Act 288, thereby the transmitter 200a of the 
client terminal 200 is connected to the second transmission line or down-stream 190. At this 

10 time, the receiver 200b is connected to the second transmission line or up-stream 195 in the 
client terminal 200, and the receiver 205b is connected to the first transmission line or 
up-stream 185. The transmitter 205a is connected to the first transmission line or 
down-stream 180 respectively in the client terminal 205. 

A switching request controller of the transmit node 220 sends a switching request 292 

15 to the receive node 225 in Act 290. The switching request 292 is sent from the transmit node 
220 to the receive node 225 via the second transmission line or down-stream 190. When the 
receive node 225 receives the switching request 292 in Act 294, the switching setting of the 
optical switch 255 is changed in Act 296. Thereby, the receiver 210b of the client terminal 
210 is connected to the second transmission line 190. At this time, the transmitter 210a is 

20 connected to the second transmission line 195 in the client terminal 210, and the receiver 215b 
is shut off by the gate 265b in the client terminal 215. Thereby, the transmitter 215a is 
connected to the first transmission line (up-stream) 185. In the node 225, a performance 
monitor 23 monitors the performance of the second transmission line (down-stream) 190 in 
Act 298. The gates 260b and 265a are also simultaneously as the gates 260a and 265b open 

25 in the miss connection preventive processings in Acts 278 and 286. When the gates 260b and 
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265a are subsequently open after the gates 260a and 265b, the above described process is 
repeated for transmitters and receivers associated with the transmission lines 185 and 195. 

Fig. 3 shows a block diagram of the optical one-to-one protection switching apparatus 
provided with a line input device and a line output device in a second embodiment of the 

5 present invention. In this embodiment, in addition to the components shown in Fig. 12, each 
of the node 220 and the node 225 is respectively provided with a controller 230, 235 and a 
drive circuit 240, 245, line input devices 340, 345, 360 and 365 as well as line output devices 
350, 355 and 370, 375. The optical switches 300, 310, 305, and 315 are provided physically 
closer to transmission lines than those line input/output devices. 

10 Each of the line input devices 340, 345, 360, and 365 is provided with an O/E 

converter 340a, 345a, 360a, 365a for converting optical signals from the client terminals 200, 
210 and the client terminals 205 and 215 to electric signals; processors 340b, 345b, 360b, 
365b for performance monitoring, sending/receiving of control signals, and multiplexing of 
data signals; and electronic-to-optical (E/O) converters 340c, 345c, 360c, 365c for converting 

15 electric signals to optical signals appropriate to the object transmission line. These line input 
devices thus enter the signals to their object transmission lines. At this time, the signal speed, 
the transmission rate, and the signal format may differ between the client terminal and the 
transmission line. However, the transmission rate and the signal format are unified between 
the transmission lines. 

20 Each of the line output devices 350, 355, 370, and 375 is respectively provided with 

optical-to-electronic (O/E) converters 350a, 355a, 370a, 375a for converting optical signals 
from transmission lines; processors 350b, 355b, 370b, 375b for performance monitoring, 
sending/receiving of control signals, and demultiplexing of data signals; and E/O converters 
350c, 355c, 370c, 375c for converting electric signals to optical signals. These line output 

25 devices thus output signals to object client terminals. 
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•In the embodiment as shown in Fig. 3, the above described gate function as shown in 
Fig.l is implemented by use of the line input devices 340, 345, 360, and 365, as well as the 
line output devices 350, 355, 370, and 375 so as to solve the above described problem (A). 
Shutting off a signal is performed by the following two exemplary methods. 
5 (1) The E/O converters 360c, 365c, 370c, 375c stop the output of optical signals therefore. 
(2) The processors 360b, 365b, 370b, 375b shut off transmission signals in which a control 
signal such as an AIS (Alarm Indication Signal) is respectively inserted. 

At this time, the line output device 375 monitors the performance of each input signal 
even when the signal is shut off. 

10 In the above described related art of the optical one-to-one protection switching 

apparatus that includes only optical switches, miss-connections occur during a line 
change-over. To avoid the miss-connection, therefore, each of the processors 360b, 365b, 
370b, and 375b in this embodiment is provided with a line input device 360, 365 and a line 
output device 370, 375, thereby shutting off transmit signals or attenuate those signals enough 

15 so as to prevent the miss-connection. Although two 2-input-2-output optical switches are used 
for each node in this embodiment, it is also possible to use only one 4-input-4-output optical 
switch as shown in Fig.l. 

Although the starting point and the terminating point of a switching control signal 
differ during switching in the related art, the correspondence table is stored in the controllers 

20 230, 235 or in another memory in advance for communications between the nodes. 

In the configuration of the switching block in this embodiment expanded from the 
optical one plus one switching apparatus by a splitter at the transmitter, miss-connections as 
described in the following problems (B) and (C) might occur during and after switching. 
Problem (B): If the optical switch is located closer to the object line than both starting and 

25 terminating points of a switching control communication, the correspondence between the 
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transmitter and the receiver is changed with respect to the communication signal in the 
switching process after a switching request is issued or after the switching of both nodes. 
Problem (C): If the optical switch is positioned closer to the object line than the performance 
monitoring point, the correspondence between the signal to be monitored and the receiver for 
5 monitoring the signal is changed in the switching process after switching request or after the 
switching of both nodes. 

Fig. 4 shows the correspondence between a line and each of the line input/output 
devices for switching control communications in the switching configuration as shown in 
Fig.3. 

10 In the chart of the switching sequence shown in Fig. 2, the operation of the 

embodiment as shown in Fig. 3 is considered. The switching request 282 issued from the 
receive node 225 to the transmit node 220 is given a first priority for transmission to the line 
output device 370 from the line input device 365 via the second transmission line or up-stream 
195. The switching request 282 is given a second priority for transmission to the line output 

15 device 360 from the line input device 345 via the first transmission line or up-stream 185. 
Consequently, if a fault is detected in the first transmission line or down-stream 180, the 
second transmission line or up-stream 195 that is considered to be normally functioning in 
comparison to the first transmission line or up-stream 185 can be used. On the other hand, the 
switching request 292 issued from the transmit node 220 to the receive node 225 is given the 

20 first priority for transmission to the line output device 340 from the line input device 375 via 
the second transmission line or down-stream 190. The switching request 292 is given the 
second priority for transmission to the line output device 360 from the line input device 355 via 
the second transmission line or down-stream 180. Also in this case, the line that is considered 
to be normally functioning is used to transfer the request more surely. 

25 Furthermore, in the second embodiment as shown in Fig. 3, in order to solve the 

above (B) problem, the correspondence between a transmission line and each of the line 
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input/output devices during switching in each node is stored in a memory provided in the 
controllers 230 and 235 or in another memory in advance. Thereby, each node sends/receives 
a control communication signal according to the above correspondence. If the processor of 
each line input/output device adds or drops a control communication signal in the second 
5 embodiment, the correspondence between an object transmission line and the line input/output 
device during switching in a node is stored in a memory in the controllers 230, 235 in advance, 
so that each node sends or receives a control communication signal according to the 
correspondence. 

Furthermore, in the second embodiment, in order to solve the above problem (C), the 

10 correspondence between an object transmission line and a line input/output during switching 
of each node is stored in the memory in the controllers 230, 235 or another memory in 
advance. Thereby each node can monitor the performance of the object transmission line 
according to the correspondence. In the second embodiment, if the processor of each line 
input/output device is provided with a function for monitoring the performance of an optical 

15 signal, the correspondence between an object transmission line and each line input/output 
device during switching of a node is stored in the memory provided in the controllers 230, 235 
or in another memory in advance, thereby each node can monitor the performance of the 
object transmission line according to the correspondence. 

Concretely, for example, the correspondence between an object transmission line to 

20 be monitored and each line input/output device is different from that before and after 
switching. However, the following correspondence table is stored in the memory in the 
controllers 230, 235 or in another memory in advance so that each node monitors the 
performance of the object transmission line. 

Fig. 5 shows the correspondence between an object transmission line to be monitored 

25 and a line input/output device in the configuration of the switching apparatus shown in Fig. 3. 
In the normal state before switching, the line input device 340 sends a signal via the first 
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transmission line down-stream 180, and the line output device 355 decides the characteristics 
of the received signal. In the same way, the line input device 345 sends a signal via the first 
transmission line (up-stream) 185, and the line output device 350 decides the characteristics of 
the received signal. The line input device 360 sends a signal via the second transmission line 

5 (down-stream) 190, and the line output device 375 decides the characteristics of the received 
signal. The line input device 365 sends a signal via the second transmission line (up-stream) 
195, and the line output device 370 decides the characteristics of the received signal. 

On the other hand, the line input device 340 sends a signal via the second transmission 
line (down-stream) 190, and the line output device 355 decides the characteristics of the 

10 received signal. In the same way, the line input device 345 sends a signal via the second 
transmission line (up-stream) 195, and the line output device 350 decides the characteristics of 
the received signal. The line input device 360 sends a signal via the first transmission line 
(down-stream) 180, and the line output device 375 decides the characteristics of the received 
signal. The line input device 365 sends a signal via the first transmission line (up-stream) 1 85, 

15 and the line output device 370 decides the characteristics of the received signal. 

The above signal shuts off the line input devices 360, 365 that have a gate function, as 
well as a line output device 370, 375 to prevent a miss-connection in the second embodiment. 
In addition, the correspondence between an object transmission line to be monitored and a line 
input/output device as shown in Fig.4 is stored in the controllers 230, 235 in advance for 

20 communications between the nodes. In addition, the correspondence between an object 
transmission line to be monitored and a line input/ output device for monitoring the 
transmission line as shown in Fig.5 is stored in the controllers 230, 235 in advance so that each 
node monitors the performance of the object transmission line. 

Fig. 6 shows a block diagram illustrating the optical one-to-one protection switching 

25 apparatus in a third embodiment of the present invention. The apparatus is expanded from the 
optical one plus one switching apparatus. In the third embodiment, the switching block 
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includes splitters 400 and 405 for splitting a signal from the first client terminal so that the 
optical one plus one protection switching apparatus performs the optical one-to-one protection 
switching method. 

The third embodiment is an optical one-to-one protection switching apparatus 

5 expanded from an optical one plus one protection switching apparatus disclosed in a known 
document with addition of client terminals 205 and 215, as well as second transmission lines 
190 and 195. This is why the node 220 is provided with optical switches 410, 420, and 430, 
and the node 225 is provided with optical switches 415, 425, and 435. Each of the nodes 220 
and 225 is further provided with a controller 230 or 235 and a drive circuit 240 or 245. In 

10 addition, the input lines to each node are connected to line input devices 340, 345, 360, and 
365 and the output lines from each node are provided with line output devices 350, 355, 370, 
and 375. The splitter 400 of the node 1 splits an optical signal entered from the line input 
device 340 to the first transmission line 180 and the optical switch 420. The optical one-to-one 
protection switching apparatus includes the optical switch 420 that selects the signal from the 

15 client terminal 2 in the normal state, 

In the third embodiment, the line output devices 375, 370 are not connected to the first 
transmission line 180, 185 via the optical switches 430, 435 after switching. Consequently, a 
client terminal miss-connection might occur only during switching. In the third embodiment 
of the optical one-to-one protection switching apparatus, a signal is shut off so as to prevent 

20 such a miss-connection with, for example, line output devices 370, 375 that have a gate 
function. In the switching sequence flow chart shown in Fig. 2, the line output device 375 
shuts off a signal in the miss-connection preventive process 278 executed in the node 225. 

In this optical one plus one protection switching apparatus, the following 
correspondence between an object line and a line input/output device is stored in the 

25 controllers 230, 235 for enabling communications between the nodes. 
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Fig. 7 shows the correspondence between a line used for switching control 
communications and a line input/output device in the configuration of the switching apparatus 
as shown in Fig. 6. In the flow chart of a switching sequence shown in Fig. 2, the switching 
request signal 282 issued from the receive node 225 to the transmit node 220 is given a first 

5 priority for transmission to the line output device 370 from the line input device 365 via the 
second transmission line (up-stream) 195. The switching request 282 is given a second 
priority for transmission to the line output device 350 from the line input device 345 via the 
first transmission line (up-stream) 185. On the other hand, the switching request signal 292 
issued from the receive node 225 to the transmit node 220 is given a first priority for 

10 transmission to the line output device 375 from the line input device 340 via the second 
transmission line (down-stream) 190. The switching request signal 292 is given a second 
priority for transmission to the line output device 355 from the line input device 340 via the 
first transmission line (down-stream) 180. In the above described manner, if a fault occurs in 
the first transmission line (down-stream) 180, the second transmission line 190 or 195 that is 

15 considered to be in normal operation with higher possibility in comparison to the first 
transmission line (up-stream) 185, and the second transmission line 190 or 195 is used to 
transmit the switching request. 

Furthermore, in Fig. 7, the following correspondence between an object transmission 
line to be monitored and a line input/output device for monitoring the transmission line is 

20 stored in the controllers 230, 235 so that each node monitors the performance of the 
transmission line. 

Fig. 8 shows the correspondence between an object transmission line to be monitored 
and a line input/output device for monitoring the transmission line in the switching apparatus 
as shown in Fig. 6. 

25 The following operation will be described with respect to Fig. 6. In the normal state 

before switching, the line input device 340 sends a signal via the first transmission line 
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(down-stream) 180, and the line output device 355 decides the characteristics of the received 
signal. In the same way, the line input device 345 sends a signal via the first transmission line 
(up-stream) 185, and the line output device 350 decides the characteristics of the received 
signal. The line input device 360 sends a signal via the second transmission line 
(down-stream) 190, and the line output device 375 decides the characteristics of the received 
signal. The line input device 365 sends a signal via the second transmission line (up-stream) 
195, and the line output device 370 decides the characteristics of the received signal. 

On the other hand, after switching, the line input device 340 sends a signal via the 
second transmission line (down-stream) 190, and the line output device 355 decides the 
characteristics of the received signal. In the same way, the line input device 345 sends a signal 
via the second transmission line (up-stream) 195, and the line output device 350 decides the 
characteristics of the received signal. The first transmission line (down-stream) 180 and the 
first transmission line (up-stream) 185 are respectively disconnected from the line output 
devices by the optical switches 415 and 410. 

Fig.9 shows a block diagram illustrating a fourth embodiment of the optical 
one-to-one protection switching apparatus according to the present invention. The apparatus 
is expanded from the optical one plus one protection switching method. In this embodiment, 
the switching block includes splitters 400 and 405 for splitting the signal from the client 
terminal 200 so that the optical one-to-one protection switching apparatus is expanded from 
the optical one plus one protection switching apparatus. 

In the forth embodiment, in addition to the components of the optical one plus one 
protection switching apparatus disclosed in a known document, the optical one-to-one 
protection switching apparatus is further provided with client terminals 205 and 215, as well 
as the second transmission lines 190 and 195. Consequently, the node 220 is provided with 
optical switches 440 and 420, and the node 225 is provided with optical switches 445 and 425. 
Each of the nodes 220 and 225 is provided with controllers 230, 235 and drive circuits 240, 
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245. In addition, input lines to each node are provided with line input devices 340, 345, 360, 
and 365, and output lines from each node are respectively provided with line output devices 
350, 355, 370, and 375. In the third embodiment as shown in Fig. 6, each node is provided 
with one 2-input-l -output optical switch and one l-input-2-output optical switch, but each 

5 node in the fourth embodiment is provided with one 2-input-l -output optical switch and one- 
2-input 2-output optical switch. 

In the fourth embodiment, after switching, the line output devices 375 and 370 are 
connected to the first transmission lines 180 and 185 via the optical switches 445 and 440 so 
as to monitor the characteristics of the signals in those transmission lines. Consequently, a 

10 miss-connection might occur in a client terminal during and after switching. 

In this optical one-to-one protection switching apparatus, a signal is shut off by an 
optical switch 420, 425 and line output devices 370, 375 with a gate function to prevent a 
miss-connection. 

In the switching sequence shown in Fig. 2, the line output device 375 shuts off an 
15 object signal in the miss-connection preventive processing 278 executed in the node 225. 

Furthermore, in the fourth embodiment of the optical one-to-one protection switching 
apparatus, as described with reference to Fig. 7, the correspondence between an object line and 
each line input/output device is stored in the controllers 230, 235 for enabling communications 
between nodes. Details of the correspondence and the miss-connection preventive processing 
20 are the same as those in the third embodiment shown in Fig. 6. 

In the configuration in the fourth embodiment of the optical one-to-one protection 
switching apparatus shown in Fig. 9, the following correspondence between an object 
transmission line to be monitored and a line input/output device for monitoring the line is 
stored in the controller 230, 235 so as to enable each node to monitor the performance of the 
25 transmission line. 
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Fig. 10 shows the correspondence between an object transmission line to be monitored 
and a line input/output device for monitoring the transmission line in the configuration of the 
switching apparatus as shown in Fig. 9. 

In the normal state before switching, the line input device 340 sends a signal via the 
5 first transmission line (down-stream) 180, and the line output device 355 decides the 

characteristics of the received signal. In the same way, the line input device 345 sends a signal 
via the first transmission line (up-stream) 185, and the line output device 350 decides the 
characteristics of the received signal. The line input device 360 sends a signal via the second 
transmission line (down-stream) 190, and the line output device 375 decides the characteristics 
10 of the received signal. The line input device 365 sends a signal via the second transmission 
line (up-stream) 195, and the line output device 370 decides the characteristics of the received 
signal. 

On the other hand, after switching, the line input device 340 sends a signal via the 
second transmission line (down-stream) 190, and the line output device 355 decides the 

15 characteristics of the received signal. In the same way, the line input device 345 sends a signal 
via the second transmission line (up-stream) 195, and the line output device 350 decides the 
characteristics of the received signal. The line input device 340 sends a signal via the first 
transmission line (down-stream) 180, and the line output device 375 decides the characteristics 
of the received signal. The line input device 345 sends a signal via the first transmission line 

20 (up-stream) 185, and the line output device 370 decides the characteristics of the received 
signal. 

Fig. 1 1 shows a block diagram illustrating a fifth embodiment of the optical one-to-one 
protection switching apparatus according to the present invention. In the fifth embodiment, 
both starting and terminating points of a control communication signal are positioned closer to 
25 the transmission line than the optical switch so as to solve the problem in the above described 
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embodiment. An optical supervised channel of a wavelength division multiplexing (WDM) 
transmission line is used for switching control communications. 

In the fifth embodiment of the optical one-to-one protection switching apparatus, in 
addition to the components in the configuration shown in Fig. 12, each of the node 220 and the 
5 node 225 is provided with a controller 230, 235 and a drive circuit 240, 245. In addition, each 
transmission line is provided with WDM transmission equipments 500, 505, 510, 515, 520, 
525, 530, and 535. Input lines from each node are provided with line input devices 340, 345, 
360, and 365 while output lines to each node are provided with line output devices 350, 355, 
370, and 375. 

10 -Each of the WDM transmission equipments 500, 505, 510, 515, 520, 525, 530, and 

535 is provided with multiplexers 500a, 515a, 520a, 535a; splitters DMUX 505c, 510c, 525c, 
530c; optical supervised channel transmitters (Tx)(OSC-Tx) 500b, 515b, 520b, 535b; OSC 
receivers (OSC-Rx) 505d, 510d, 525d, 530d. 

For example, if the first transmission line (down-stream) 180 is disconnected, the 

15 signal break is detected through the performance monitor of the line output device 355, then 
the E/O 375c of the line output device 375 is masked, thereby preventing a miss-connection. 
After that, the line output device 375 stops its alarm detection and the OSC transmitter 535b 
of the WDM transmission equipment 535 of the second transmission line (up-stream) 195 
outputs a switching request signal via the controller 235. The switching request signal is 

20 received by the OSC receiver 530d of the WDM transmission equipment 530 of the node 1 and 
the E/O of the line input device 360 is masked via the controller 230, thereby changing over 
the optical switches 300, 310. The controller 230 adds a switching request signal to the 
monitoring signal from the OSC transmitter 520b. The switching request signal is multiplexed 
in the signal output from the line input device 340. The multiplexed signal is then output to the 

25 second transmission line (down-stream) 190. In response to the switching request signal 

received by the OSC receiver 525d of the WDM transmission equipment 525, the controller 
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235 changes the setting of the optical switches 305, 315, thereby terminating the switching 
process. 

In the optical one-to-one protection switching apparatus composed as described 
above, the controllers 230, 235 have an interface 233, 238 for exchanging information with 

5 WDM transmission equipment 500, 505, 510, 515, 520, 525, 530, 535. The controllers 230, 
235 enable switching control communications between nodes through an optical supervised 
channel by the OSC transmitters 500b, 515b, 520b, 535b and the OSC receivers 505d, 510d, 
525d, 530d provided in the WDM transmission equipment, thereby keeping the 
sending/receiving relationship of the switching control communications constant during after 

10 switching. 

Because both starting and terminating points of a control switching signal in the 
communication are located closer to the line than the optical switch, the correspondence 
between, the transmitter and the receiver is maintained constant with respect to communication 
signals. Thereby the switching algorithm is implemented more easily by the controller. 

15 According to the present invention, therefore, it is possible to provide an optical 

one-to-one switching apparatus that prevents a miss-connection between the transmitter and 
the receiver in the switching process in response to a switching request for switching from a 
working line to a protection line due to a fault, maintenance, etc. as described above. 

Although the invention has been described in its preferred embodiments with a certain 

20 degree of particularity, it is understood that the present disclosure of the preferred 
embodiments has been changed in the details of construction and the combination and 
arrangement of parts may be resorted without departing from the spirit and the scope of the 
invention as hereinafter claimed. 
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1 . A method of switching optical transmission lines for a transmitter and a receiver, 
comprising: 

transmitting first optical signals on a first optical transmission line between a first 
transmitter and a first receiver; 
5 transmitting second optical signals on a second optical transmission line between a 

second transmitter and a second receiver; 

detecting a fault in the first optical transmission line; 

isolating the second optical transmission line so as to have no traffic on the second 
optical transmission line; and 
10 switching the first transmitter and the first receiver to the isolated second optical 

transmission line. 

2. The method of switching optical transmission lines according to claim 1 further 
comprising: 

15 switching the second transmitter and the second receiver to the first optical 

transmission line, the second optical signals being low priority data; and 
reversing the isolated second optical transmission line. 

3. The method of switching optical transmission lines according to claim 2 further 
20 comprising: 

transmitting third optical signals in an opposite direction to that of the first optical 
signals on a third optical transmission line between a third transmitter and a third receiver; 

transmitting fourth optical signals in an opposite direction to that of the second optical 
signals on a fourth optical transmission line between a fourth transmitter and a fourth receiver; 
25 isolating the fourth optical transmission line so as to have no traffic on the fourth 

optical transmission line; 
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switching the third transmitter and the third receiver to the isolated fourth optical 
transmission line; 

switching the fourth transmitter and the fourth receiver to the third optical transmission 
line subsequent to switching the third transmitter and the third receiver to the isolated fourth 
5 optical transmission line; and 

reversing the isolated fourth optical transmission line. 

4. The method of switching optical transmission lines according to claim 2 further 
comprising: 

10 transmitting third optical signals in an opposite direction to that of the first optical 

signals on a third optical transmission line between a third transmitter and a third receiver; 

transmitting fourth optical signals in an opposite direction to that of the second optical 
signals on a fourth optical transmission line between a fourth transmitter and a fourth receiver; 
isolating the fourth optical transmission line so as to have no traffic on the fourth 
15 optical transmission line simultaneously as the second optical transmission line is isolated; 

switching the third transmitter and the third receiver to the isolated fourth optical 
transmission line simultaneously as the first transmitter and the first receiver are switched to 
the isolated second optical transmission line; 

switching the fourth transmitter and the fourth receiver to the third optical transmission 
20 line subsequent to switching the third transmitter and the third receiver to the isolated fourth 
optical transmission line; and 

reversing the isolated fourth optical transmission line. 

5. The method of switching optical transmission lines according to claim 1 wherein said 
25 isolating is accomplished by blocking optical signals from the second transmitter to the second 
transmission line and to the second receiver from the second transmission line. 
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6. The method of switching optical transmission lines according to claim 5 wherein said 
blocking is accomplished by gating of the optical signals. 

5 7, The method of switching optical transmission lines according to claim 5 wherein said 
blocking is accomplished by failing to perform electronic to optical conversion of the optical 
signals. 

8. The method of switching optical transmission lines according to claim 5 wherein said 

10 blocking is accomplished by processing of electrical signals representing the optical signals. 

9. The method of switching optical transmission lines according to claim 1 further 
comprising: 

storing correspondence data on the first transmitter and the first receiver as well as the 
15 second transmitter and the second receiver for ascertaining original connections subsequent to 
said switching. 

10. A system for switching between a first optical transmission line and a second optical 
transmission line, comprising: 

20 a pair of a first transmitter and a first receiver connected to said first optical 

transmission line for transmitting and receiving first optical signals to and from said first 
optical transmission line; 

a pair of a second transmitter and a second receiver connected to said second optical 
transmission line for transmitting and receiving second optical signals to and from said second 

25 optical transmission line; 
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a monitor connected to said first optical transmission line for detecting a fault in said 
first optical transmission line; 

a first line isolator connected to said second optical transmission line for isolating said 
second optical transmission line from said second transmitter and said receiver so as to have 
5 no traffic on the second optical transmission line; and 

a switch connected to said first optical transmission line and said second optical 
transmission line for switching said first transmitter and said first receiver to said isolated 
second optical transmission line. 

10 11. The system for switching optical transmission lines according to claim 10 wherein said 
switch switches said second transmitter and said second receiver to said first optical 
transmission line, the second optical signals being low priority data. 



12. The system for switching optical transmission lines according to claim 11 further 
15 comprising: 

a third optical transmission line; 

a pair of a third transmitter and a third receiver connected to said third optical 
transmission line for transmitting and receiving third optical signals to and from said third 
optical transmission line in an opposite direction to that of the first optical signals; 
20 a fourth optical transmission line; 

a pair of a fourth transmitter and a fourth receiver connected to said fourth optical 
transmission line for transmitting and receiving fourth optical signals to and from said fourth 
optical transmission line in an opposite direction to that of the second optical signals; 

said line isolator also connected to said fourth optical transmission line for isolating 
25 said fourth optical transmission line so as to have no traffic on said fourth optical transmission 
line; and 
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said switch further connected to said third optical transmission line and said fourth 
optical transmission line for switching said third transmitter and said third receiver to said 
isolated fourth optical transmission line and switching said fourth transmitter and said fourth 
receiver to said third optical transmission line subsequent to switching said third transmitter 
5 and said third receiver to said isolated fourth optical transmission line, 

13. The system for switching optical transmission lines according to claim 2 further 
comprising: 

a third optical transmission line; 
10 a pair of a third transmitter and a third receiver connected to said third optical 

transmission line for transmitting and receiving third optical signals to and from said third 
optical transmission line in an opposite direction to that of the first optical signals; 
a fourth optical transmission line; 

a pair of a fourth transmitter and a fourth receiver connected to said fourth optical 
15 transmission line for transmitting and receiving fourth optical signals to and from said fourth 
optical transmission line in an opposite direction to that of the second optical signals; 

said line isolator also connected to said fourth optical transmission line for isolating 
said fourth optical transmission line simultaneously as the second optical transmission line is 
isolated so as to have no traffic on said fourth optical transmission line; and 
20 said switch further connected to said third optical transmission line and said fourth 

optical transmission line for switching said third transmitter and said third receiver to said 
isolated fourth optical transmission line simultaneously as said first transmitter and said first 
receiver are switched to said isolated second optical transmission line, said switch switching 
said fourth transmitter and said fourth receiver to said third optical transmission line 
25 subsequent to switching said third transmitter and said third receiver to said isolated fourth 
optical transmission line. 
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14. The system for switching optical transmission lines according to claim 10 wherein said 
line isolator blocks transmission of optical signals from said second transmitter to said second 
transmission line and to said second receiver from said second transmission line. 

15. The system for switching optical transmission lines according to claim 14 wherein said 
line isolator further comprises an optical gate. 

16. The system for switching optical transmission lines according to claim 14 wherein said 
line isolator further comprises an electronic-to-optical converter. 

17. The system for switching optical transmission lines according to claim 14 wherein said 
line isolator further comprises an optical-to-electronic converter for converting an optical 
signal to an electrical signal and a processing unit connected to said optical-to-electronic 
converter for processing the electrical signal. 

18. The system for switching optical transmission lines according to claim 9 further 
comprising: 

a storage unit connected to said switch for storing correspondence data on said first 
transmitter and said first receiver as well as said second transmitter and said second receiver 
for ascertaining original connections subsequent to switching. 

19. A optical protection switching apparatus for switching optical transmission lines between 
transmitters and receivers, comprising: 

a monitor for monitoring a fault in a first optical transmission line and generating a fault 

signal; 
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a line isolator for isolating a second optical transmission line so that no traffic runs on the 
isolated second optical transmission line; 

a switch for switching optical transmission liens; and 
a controller connected to said monitor, said line isolator and said switch for activating said line 
5 isolator in response to the fault signal and then coordinating said switch to establish 
connections to the isolated second optical transmission line. 

20. The optical protection switching apparatus according to claim 19 wherein said switch is 
a four-in-four-out optical switch. 

10 

21. The optical protection switching apparatus according to claim 19 wherein said switch is 
a two two-in-two-out optical switch. 

22. The optical protection switching apparatus according to claim 19 wherein said switch 

15 farther comprises one one-in-two-out optical switch, two two-in-one-out switch and an optical 
splitter. . 

23. The optical protection switching apparatus according to claim 19 wherein said switch 
further comprises two two-in-two-out optical switches. 

20 

24. The optical protection switching apparatus according to claim 19 wherein said line isolator 
is an optical gate. 

23. The optical protection switching apparatus according to claim 19 wherein said line 
25 isolator is an electronic-to-optical converter. 
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25. The optical protection switching apparatus according to claim 19 wherein said line isolator 
further comprises an optical-to-electronic converter for converting an optical signal to an 
electrical signal and a processing unit connected to said optical-to-electronic converter for 
processing the electrical signal. 

26. The optical protection switching apparatus according to claim 19 further comprising: 

a storage unit connected to said switch for storing correspondence data on the 
transmitters and the receivers subsequent to switching. 
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ABSTRACT OF THE DISCLOSURE 

An optical one-to-one protection switching apparatus exchanges signals between a 
transmit node and a receive node. If a fault is detected in the first transmission line 

5 (down-stream), a controller in the node controls a drive circuit so as to shut off a gate. Then, 
the controller in the transmit node upon receiving a switching request from the receive node, 
controls the drive circuit so as to shut off the gate. Thereby, the optical switch is switched. 
The transmitter of the client terminal is thus connected to the second transmission line 
(down-stream). Upon receiving the switching request from the transmit node, the optical 

10 switch in the receive node is switched. Thereby the receiver in the client terminal is connected 
to the second transmission line (down-stream). 
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Docket No. 
Hitachi-0012 



Declaration and Power of Attorney For Patent Application 

English Language Declaration 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, 

first and joint inventor (if plural names are listed below) of the subject matter which is claimed and for 

which a patent is sought on the invention entitled 

OPTICAL ONE FOR ONE PROTECTION SWITCHING APPARATUS 

the specification of which 

(check one) 

S3 is attached hereto, 

□ was filed on as United States Application No. or PCT International 

Application Number 



and was amended on 



(if applicable) 



I hereby state that I have reviewed and understand the contents of the above identified specification, 
including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose to the United States Patent and Trademark Office all information 
known to me to be material to patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, Section I19(a)-(d) or 
Section 365(b) of any foreign application(s) for patent or inventor's certificate, or Section 365(a) of 
any PCT international application which designated at least one country other than the United States, 
listed below and have also identified below, by checking the box, any foreign application for patent or 
inventor's certificate or PCT International application having a filing date before that of the application 
on which priority is claimed. 

Prior Foreign Application(s) Priority Not Claimed 



P2000-158554 Japan 29/05/00 □ 

□ 



(Number) (Country) (Day/Month/Year Filed) 



(Number) (Country) (Day/Month/Year Fiied) 



□ 



(Number) (Country) (Day/Month/Year Filed) 
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I hereby claim the benefit under 35 U.S.C. Section 119(e) of any United States provisional 
application(s) listed below: 



(Application Serial No.) 


(Filing Date) 


(Application Serial No.) 


(Filing Date) 


(Application Serial No.) 


(Filing Date) 



! hereby claim the benefit under 35 U. S. C. Section 120 of any United States application^), or 
Section 365(c) of any PCT International application designating the United States, listed below and, 
insofar as the subject matter of each of the claims of this application is not disclosed in the prior 
United States or PCT International application in the manner provided by the first paragraph of 35 
U.S.C. Section 112, I acknowledge the duty to disclose to the United States Patent and Trademark 
P Office all information known to me to be material to patentability as defined in Title 37, C. F. R., 
yi Section 1.56 which became available between the filing date of the prior application and the national 
in or PCT International filing date of this application: 



(Application Serial No.) 


(Filing Date) 


(Status) 






(patented, pending, abandoned) 


(Application Serial No.) 


(Filing Date) 


(Status) 




(patented, pending, abandoned) 


(Application Serial No.) 


(Filing Date) 


(Status) 




(patented, pending, abandoned) 



I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application or any patent issued thereon. 
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POWER OF ATTORNEY: As a named inventor, t hereby appoint the following attorney(s) and/or 

agent(s) to prosecute this application and transact all business in the Patent and Trademark Office 

connected therewith, (list name and registration number) 

Ken I. Yoshida, Esq. John L. Knoble, Esq. 

Reg. No. 37,009 Reg. No, 32,387 



Send Correspondence to: 



KNOBLE & YOSHIDA, LLC 
Eight Penn Center, Suite 1350 
1628 John F. Kennedy Blvd. 
Philadelphia, PA 19103 



Direct Telephone Calls to: (name and telephone number) 
Ken L Yoshida - (215) 599-0600 





Full name of sole or first inventor 
Sunao KAKIZAKI 




Sole or first inventor's signature 


Date 




Residence 
Kawasaki, Japan 




Citizenship 
Japan 




Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 




New Marunouchi Building, 5-1, Marunouchi 1-chome, Chiyoda-ku, Tokyo 100-8220, Japan 



Full name of second inventor, if any 

Hideaki TSUSHIMA 

Second inventor's signature Date 



Residence 
Komae, Japan 

Citizenship 
Japan 

Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 
| New Marunouchi Building, 5-1, Marunouchi 1-chome, Chiyoda-ku, Tokyo 100-8220, Japan 
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Full name of third inventor, if any 




Takashi MORI 




Third inventor's signature 


Date 


Residence 




Yokohama, Japan 




Citizenship 




Japan 




Post Office Address 




c/o Hitachi, Ltd., Intellectual Property Group 




New Marunouchi Building, 5-1, Marunouchi 1-chome, Chiyoda-ku, Tokyo 100-8220, Japan 



Full name of fourth inventor, if any 




Masahiro TAKATORI 




Fourth inventor's signature 


Date 


Residence 




Yokohama, Japan 




Citizenship 




Japan 




Post Office Address 




c/o Hitachi, Ltd., Intellectual Property Group 




New Marunouchi Building, 5-1, Marunouchi 1-chome, Chiyoda-ku, Tokyo 100-8220, Japan 





Full name of fifth inventor, if any 
Yukio HAYASHI 




Fifth inventor's signature 


Date 




Residence 
Fujisawa, Japan 




Citizenship 
Japan 




Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 




New Marunouchi Building, 5-1, Marunouchi 1-chome, Chiyoda-ku, Tokyo 100-8220, Japan 



Full name of sixth inventor if any 




Shinichi KUWANO 




Sixth inventor's signature 


Date 


Residence 




Yokohama, Japan 




Citizenship 




Japan 




Post Office Address 




c/o Hitachi Communication Systems, Inc. 




180, Totsuka-cho, Totsuka-ku, Yokohama-shi, Kanagawa 244-0003, Japan 
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